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MACHINING METHOD AND MACHINE
TOOL

TECHNICAL FIELD

The present invention relates to a machine tool. More par-
ticularly, the present invention relates to a machining method
and a machine tool, improved to prevent a machine tool from
being damaged by an overload due to a collision of a tool with
a workpiece or by a breakage of a tool.

BACKGROUND ART

An excessively large force may be applied to a main
spindle of a machine tool such as an NC milling machine,
when a tool 1s broken during a process for machinming a work-
piece or when a tool collides with the workpiece.

In order to prevent the above problems, for example, JP-A-
3-3687 discloses a method of preventing collision of a body
driven by a servomotor. According to the method, when col-
lision 1s detected, the servomotor receives a predetermined
speed command, the direction of which 1s reverse to that of
the actual speed of the servomotor, for a predetermined period
of time so as to reverse the servomotor.

DISCLOSURE OF THE INVENTION

However, 1n the above prior art, since the reverse command
1s given to the servomotor after collision has been detected,
the driven body continues to move 1n the previous direction
even aiter the collision. Therefore, 1t 1s impossible to com-
pletely prevent breakage of the machine tool.

Theretfore, the present invention 1s directed to solve the
above problems of the prior art, and the object of the present
invention 1s to provide a machine tool and a machining
method improved to surely prevent a machine tool from dam-
age at the time of breakage of a tool or collision of a tool with
a workpiece.

In order to accomplish the above object, the present inven-
tion provides a machining method executed with a five-axis
machine tool having orthogonal first, second and third linear
teed axes and orthogonal first and second rotary feed axes, the
first rotary feed axis being parallel to the first linear feed axis,
comprising the steps of controlling the first rotary feed axis so
as to maintain a rotational axis line of the second rotary feed
axis perpendicular to the feed direction of a tool relative to a
workpiece while the tool and the workpiece are relatively
moved along the second and the third linear feed axes and the
workpiece 1s machined with the tool; and de-energizing a
second rotary feed axis motor when the degree of torque
about the second rotary feed axis or the electric current to the
motor exceeds a predetermined threshold value.

According to another feature of the present invention, there
1s provided a machining method executed with a five-axis
machine tool having orthogonal first, second and third linear
teed axes and orthogonal first and second rotary feed axes, a
rotational axis line of the firstrotary feed axis being parallel to
the first linear feed axis, the machine tool including a table for
fixing a workpiece; a main spindle for holding a tool so that
the tool faces the table; a spindle head for holding the main
spindle for rotation; and first and second feed motors for
rotating the spindle head about the first and the second rotary
teed axes; the method comprising the steps of controlling the
first rotary feed motor so as to maintain a rotational axis line
ol the second rotary feed axis perpendicular to the feed direc-
tion of a tool relative to a workpiece while the tool and the
workpiece are relatively moved along the second and the third
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linear feed axes and the workpiece 1s machined with the tool;
and cutting off the power supply to the second rotary feed
motor when the electric current to the motor exceeds a pre-
determined threshold value 1n order to maintain the spindle
head at the predetermined rotational position.

Further, according to another feature of the present inven-
tion, there 1s provided a five-axis machine tool having
orthogonal first, second and third linear feed axes and
orthogonal first and second rotary feed axes, a rotational axis
line of the first rotary feed axis being parallel to the first linear
feed axis, comprising: a table for fixing a workpiece; a main
spindle for holding a tool so that the tool faces the table; a
spindle head for holding the main spindle for rotation; a first
and a second feed motor for rotating the spindle head about
the first and the second rotary feed axes; means for controlling
the second feed motor so that the spindle head can be main-
tained at a predetermined rotational position about the second
rotary feed axis; means for controlling the first rotary feed
motor to maintain a rotational axis line of the second rotary
teed axis perpendicular to the feed direction of the tool with
respect to a workpiece during the tool and the workpiece are
moved relative to each other 1n the second and third linear
feed axes to machine the workpiece with the tool; and means
for cutting off the supply of electric power to the second
rotary feed motor when the electric current to the second
rotary feed motor exceeds a predetermined value 1n order to
maintain the spindle head at the predetermined rotation posi-
tion about the second rotary feed axis.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic side view of a machine tool of the
preferred embodiment of the present invention.

FIG. 2 1s a schematic perspective view of a swivel base of
the machine tool o FIG. 1 shown together with a spindle head
and a main spindle.

FIG. 3 1s a schematic illustration for explaining an action of
a spindle head at the time of collision of a tool with a work-
piece.

FIG. 4 1s a diagram showing a relationship between a tool
route and the orientation of A-rotary axis for explaining a
machining method in the most preferred embodiment of the
present 1nvention.

THE MOST PREFERRED EMBODIMENT

Referring to FIG. 1, a machine tool 11 according to a
preferred embodiment of the present invention 1s a five-axis
NC milling machine which comprises a bed 13 fixed onto a
tfloor of a factory. A column 15 1s mounted to the upper face of
the bed 13 for linear motion relative to the bed 13 1n a hori-
zontal longitudinal direction (the direction of Z-axis, 1.e., the
right-and-left directionin FI1G. 1). A head stock 17 1s mounted
to the front face of the column 15 for linear motion relative to
the column 15 1n the vertical direction (the direction of Y-axis,
1.€., the up-and-down direction 1n FIG. 1).

Although not shown 1n detail 1n the drawing, the machine
tool 11 includes X-, Y- and Z-axis feed motors for moving a
workpiece W relative to a tool T 1n the directions of X-, Y- and
Z-axes, an NC device 39 for controlling the X-, Y- and Z-axis
feed motors, and a machine control unit 41 which reads a
machining program and sends motion commands to the NC
device 39 and tool change commands to the machine tool 11,
respectively.

A swivel base 19 1s mounted to the head stock 17 for
rotation about Z-axis, 1.¢., C-rotary axis. Incorporated 1n the
head stock 17 are a C-rotary axis feed motor 35 (shown in



US 8,608,412 B2

3

FIG. 2) for rotating the swivel base 19 about the C-rotary axis
and a rotary encoder 37 for reading the rotational position of
the swivel base 19 about the C-rotary axis. In order to hold the
swivel base 19 at a predetermined rotational position about
the C-rotary axis, a braking device (not shown) may be pro-
vided. Preferably, an electromagnetic brake may be provided.

As shown 1n FIG. 2, the swivel base 19 includes a housing
defining a pair of arm portions 19a and 1956 arranged 1n
parallel and a base portion 19¢ connecting the arm portions
19aq and 1956. A spindle head 21 1s connected between the pair
of arms 19a, 195 for rotation about a rotary feed axis (A-ro-
tary axis) perpendicular to the C-rotary axis. Incorporated in
the swivel base 19 are an A-rotary axis feed motor 29 for
rotating the spindle head 21 about the A-rotary axis and a
rotary encoder 31 for reading the rotational position of the
spindle head 21 about the A-rotary axis. In addition to the
A-rotary axis feed motor 29, a braking device, preferably an
clectromagnetic brake 33 for fixing the spindle head 21 at an
rotational position about the A-axis may be provided.

The A-rotary axis feed motor 29 and the C-rotary axis feed
motor 35 are controlled by the NC device 39. Further, the
braking device 33 may be controlled by the machine control
unit 41.

The spindle head 21 rotatably holds a main spindle 23
having a tool attaching hole 23a used for attaching the tool T.
A main spindle motor (not shown) for rotationally driving the
main spindle 23 1s incorporated 1n the spindle head 21. The
main spindle 23 defines a rotary axis O, which 1s parallel to
the Z-axis when the spindle head 21 1s positioned at a neutral
position relative to the swivel base 19.

At a front portion of the column 15 on the upper face of the
bed 13, a table 25 1s mounted for linear motion relative to the
bed 13 1n a horizontal direction perpendicular to the Z-axis
(the direction of X-axis perpendicular to the plane of FIG. 1).
Mounted to the upper face of the table 235 1s a workpiece
mount 27 defining a mounting face 27a to which a workpiece
W 1s fixed.

With reference to FIGS. 3 and 4, the operation of the
present embodiment will be explained below.

In the machine tool 11, while the tool T and the workpiece
W are relatively moved at least 1n the directions of the X-and
Y-axes, the tool T engages with the workpiece W to machine
it. In FIG. 4, polygonal line Pt indicates a tool route 1n the
cutting process. In the cutting process, the A-rotary axis feed
motor 29 1s controlled by the NC device 39 so that the spindle
head 21 can be maintained at a predetermined rotational
position about the A-rotary axis, for example, so that the
spindle head 21 can be maintained at a neutral position where
the central axis of the tool T becomes parallel with the Z-axis.
According to the present embodiment, the C-rotary axis feed
motor 35 1s controlled by the NC device 39 so that the A-ro-
tary axis can be perpendicular to the movement direction Pt of
the tool T 1n the machining process.

In the machining process, the machine control unit 41
continues to monitor the electric power supplied to the A-ro-
tary axis feed motor 29. According to the present embodi-
ment, the machine control unit 41 will send a command to the
NC device to cut off the electric power supplied to the A-ro-
tary axis feed motor 29, when breakage of the tool T or
collision of the tool T with the workpiece W occurs and the
clectric current to the A-rotary axis feed motor 29 exceeds a
predetermined threshold value 1in order to maintain the
spindle head 21 at a predetermined angular position about the
A-rotary axis.

In the embodiment provided with the braking device 33 on
the A-rotary axis, the machine control unit 41 monitors the
torque acting on the braking device 33 about the A-rotary
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axis, and when the torque exceeds a predetermined threshold
value, the machine control unit 41 releases the braking device
33, and at the same time, cuts oil the electric power supplied
to the A-rotary axis feed motor 29.

Further, 1t may be preferable that the A-rotary axis 1s con-
trolled so as to move the tool T 1n the reverse direction to the
previous feed direction Pt when the electric current supplied
to the A-rotary axis feed motor 29 or the degree of torque
about the A-rotary axis exceeds a predetermined threshold
value.

Thus, according to the present embodiment, as shown 1n
FIG. 3, the tool T 1s rotated about the A-rotary axis together
with the spindle head 21 whereby the machine tool 11 1s
prevented from being damaged when collision of the tool T
with the workpiece W or breakage of the tool T occurs.

In this connection, FIG. 1 shows a horizontal type NC
milling machine. However, a person skilled in the art may
envisage that the present invention can be applied to a vertical
type NC milling machine.

The invention claimed 1s:

1. A machiming method executed with a five-axis machine
tool having orthogonal first, second and third linear feed axes
and orthogonal first and second rotary feed axes, a rotational
axis line of the first rotary feed axis being parallel to the first
linear feed axis, comprising the steps of:

controlling the first rotary feed axis so as to maintain a

rotational axis line of the second rotary feed axis per-
pendicular to the feed direction of a tool relative to a
workpiece while the tool and the workpiece are rela-
tively moved along the second and the third linear feed
axes and the workpiece 1s machined with the tool; and
de-energizing a second rotary feed axis motor when the
degree of torque about the second rotary feed axis or the
clectric current to the motor exceeds a predetermined

threshold value.

2. The machining method according to claim 1, wherein the
second rotary feed axis 1s controlled so that the tool can be
moved 1n a direction reverse to the relative moving direction
when an intensity of torque or an electric current of the motor
about the second rotary feed axis exceeds a predetermined
threshold value.

3. A five-axis machine tool having orthogonal first, second
and third linear feed axes and orthogonal first and second
rotary feed axes, a rotational axis line of the first rotary feed
axis being parallel to the first linear feed axis, comprising:

a table for fixing a workpiece;

a main spindle for holding a tool so that the tool faces the

table;

a spindle head for holding the main spindle for rotation;

a first and a second feed motor for rotating the spindle head

about the first and the second rotary feed axes;
means for controlling the second feed motor so that the
spindle head can be maintained at a predetermined rota-
tional position about the second rotary feed axis;

means for controlling the first rotary feed motor to main-
tain a rotational axis line of the second rotary feed axis
perpendicular to the feed direction of the tool with
respect to a workpiece during the tool and the workpiece
are moved relative to each other in the second and third
linear feed axes to machine the workpiece with the tool;
and

means for cutting off the supply of electric power to the

second rotary feed motor when the electric current to the
second rotary feed motor exceeds a predetermined value
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in order to maintain the spindle head at the predeter-
mined rotation position about the second rotary feed
axis.
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